










































Being Together in Time
Citation for published version:
Overy, K & Molnar-Szakacs, I 2009, 'Being Together in Time: Musical Experience and the Mirror Neuron
System' Music Perception: An Interdisciplinary Journal, vol. 26, no. 5, pp. 489-504. DOI:
10.1525/mp.2009.26.5.489
Digital Object Identifier (DOI):
10.1525/mp.2009.26.5.489
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Publisher's PDF, also known as Version of record
Published In:
Music Perception: An Interdisciplinary Journal
Publisher Rights Statement:
©Overy, K., & Molnar-Szakacs, I. (2009). Being Together in Time: Musical Experience and the Mirror Neuron
System. Music Perception: An Interdisciplinary Journal, 26(5), 489-504doi: 10.1525/mp.2009.26.5.489
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 05. Apr. 2019
Being Together in Time: Musical Experience and the Mirror Neuron System
Author(s): Katie Overy, Istvan Molnar-Szakacs
Source: Music Perception: An Interdisciplinary Journal, Vol. 26, No. 5 (June 2009), pp. 489-504
Published by: University of California Press
Stable URL: http://www.jstor.org/stable/10.1525/mp.2009.26.5.489 .
Accessed: 13/12/2013 06:55
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp
 .
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.
 .
University of California Press is collaborating with JSTOR to digitize, preserve and extend access to Music
Perception: An Interdisciplinary Journal.
http://www.jstor.org 
This content downloaded from 129.215.19.194 on Fri, 13 Dec 2013 06:55:54 AM
All use subject to JSTOR Terms and Conditions
Music Perception VOLUME 26, ISSUE 5, PP. 489–504, ISSN 0730-7829, ELECTRONIC ISSN 1533-8312 © 2009 BY THE REGENTS OF THE UNIVERSITY OF CALIFORNIA. ALL
RIGHTS RESERVED. PLEASE DIRECT ALL REQUESTS FOR PERMISSION TO PHOTOCOPY OR REPRODUCE ARTICLE CONTENT THROUGH THE UNIVERSITY OF CALIFORNIA PRESS’S
RIGHTS AND PERMISSIONS WEBSITE, HTTP://WWW.UCPRESSJOURNALS.COM/REPRINTINFO.ASP. DOI:10.1525/MP.2009.26.5.489
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KATIE OVERY
University of Edinburgh, United Kingdom
ISTVAN MOLNAR-SZAKACS
University of California, Los Angeles
THE DISCOVERY OF INDIVIDUAL “MIRROR NEURONS”
in the macaque brain that fire both when an action is
executed and when that same action is observed or
heard, and of a homologous system in humans, is lead-
ing to an extraordinary conceptual shift in our under-
standing of perception-action mechanisms, human
communication, and empathy. In a recent model of
emotional responses to music (Molnar-Szakacs &
Overy, 2006), we proposed that music is perceived not
only as an auditory signal, but also as intentional, hier-
archically organized sequences of expressive motor
acts behind the signal; and that the human mirror neu-
ron system allows for corepresentation and sharing of
a musical experience between agent and listener. Here,
we expand upon this model of Shared Affective
Motion Experience (SAME) and discuss its implica-
tions for music therapy and special education. We hypoth-
esize that imitation, synchronization, and shared
experience may be key elements of successful work in
these areas.
Received September 26, 2008, accepted March 15, 2009.
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T
HE COMPLEX AND POWERFUL NATURE of musical
experience is both mysterious and fascinating.
How is it that a stream of abstract, nonreferential
patterns of sound can be so enjoyable and can have
such profound and varied effects in our lives? How can
the simple auditory parameters of pitch, timbre, stress,
and timing convey such rich information? From lulla-
bies and work songs to advertising jingles and piano
concertos, music does not appear to be limited to a par-
ticular educational, social, cultural, or even biological
function. Within just a few seconds of hearing music,
we can place ourselves in a church or in a jazz bar, we
can be in India or Scotland, we can remember a favorite
movie or an old romance, we can feel uplifted, ener-
gized, or more relaxed. We even use music to remember
the alphabet, to affect consumer spending, and to facil-
itate therapy. What is it about music that allows for
such meaningful and varied behaviors?
Music is clearly not just a passive, auditory stimulus,
it is an engaging, multisensory, social activity. All musi-
cal sounds are created by movements of the human
body (singing, clapping, hitting, blowing, plucking)1
and in turn seem to encourage other bodies to move
(clapping, tapping, marching, dancing). Music-making
usually occurs in groups (dyads, circles, ensembles),
and involves the synchronization of physical actions
with extraordinary temporal accuracy and flexibility.
Such physical, social, synchronized interactions involve
imitation, learning, shared understanding, and predic-
tion, and can encourage eye contact, smiling, laughter,
and relationship building, while also allowing for lead-
ership, competition, and individual expression—all
powerful social learning experiences. Even since the
advent of recorded music, musical preferences are
strongly linked with social groups, particularly during
teenage years of social maturity and identity formation
(De Nora, 2000). And yet, music is also genuinely and
deeply appreciated as a solitary experience, from
singing to oneself to the extraordinary cultural advent
of the iPod.
Examining this rich variety of musical behavior
presents experimental challenges, not least because
the controlled isolation of individual variables of
interest (e.g., pitch memory, beat detection, emotional
response) requires the reduction or even elimination
of the complexity of real-world musical experience.
This is particularly true in neuroimaging research,
BEING TOGETHER IN TIME: MUSICAL EXPERIENCE
AND THE MIRROR NEURON SYSTEM
1The recent advent of computer-generated music is a special case.
Much electronic music emulates humanly created sounds, but not
all. Interestingly, the apparent aesthetic difficulties presented by “dis-
embodied” musical sounds are currently being discussed in the field
of electro-acoustic composition (Dow, 2008).
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where participants usually need to remain isolated
and motionless while data are acquired (in order to
avoid movement artifacts, for example). Nevertheless,
the last decade has seen an explosion of scientific
research into the neural basis of music, revealing that
different aspects of musical processing recruit almost
all regions of the brain—including prefrontal cortex,
premotor cortex, motor cortex, somatosensory cortex,
temporal lobes, parietal cortex, occipital cortex, cere-
bellum, and limbic regions including the amygdala
and thalamus—unlike any other stimulus or cognitive
process (for reviews see Chartrand, Peretz, & Belin,
2008; Koelsch & Siebel, 2005; Zatorre, 2005; Zatorre,
Chen, & Penhune, 2007). The potential effects of
music on neural plasticity are also well documented
(e.g., Bangert et al., 2006; Fujioka, Ross, Kakigi,
Pantev, & Trainor, 2006), as are the benefits of music
as a therapeutic tool (e.g., Sarkamo et al., 2008; Thaut,
1984; Thaut, McIntosh, McIntosh, & Hoemberg,
2001), and as an educational tool (e.g., Purnell-Webb
& Speelman, 2008; Schon et al., 2008). The question
remains then, as to how music exerts such power—
what is it that makes these abstract sound patterns so
engaging and effective? 
Recent research into the neural underpinnings of
social communication has shed some light on how sim-
ple perceptual stimuli can convey social significance
and meaning (Iacoboni et al., 2005; Molnar-Szakacs,
Kaplan, Greenfield, & Iacoboni, 2006; Molnar-Szakacs,
Wu, Robles, & Iacoboni, 2007). Considering this
research alongside music neuroimaging research, we
previously have proposed that interactions between the
human mirror neuron system (MNS) and the limbic
system may allow the human brain to ‘understand’
complex patterns of musical signals and provide a neu-
ral substrate for the subsequent emotional response
(Molnar-Szakacs & Overy, 2006). Here, we further
detail our theory of emotional responses to music—the
Shared Affective Motion Experience (SAME) model—
and discuss the potential implications for musical com-
munication, therapy and education, as well as our
understanding of musical experience itself.
We begin with a review of research into the mirror
neuron system and its potential role in human com-
munication and empathy. We then outline our pro-
posed model of musical experience: Shared Affective
Motion Experience (SAME), with reference to a range
of research literature supporting the model. Arising
from this discussion, we suggest that imitation, syn-
chronization, and shared experience may be key
aspects of human musical behavior, and thus may be
key to educational and therapeutic support work
using music. In order to provide specific examples, we
reflect upon two previous, small-scale studies of the
potential role of music in the support of language
skills. We then discuss the role of music therapy in
autism, and we end with some final thoughts on the
nature of musical experience, with hypotheses for
future work in these areas.
Macaque Mirror Neurons and the 
Human Mirror Neuron System
A neural system implementing a resonance mechanism
exists in the primate brain, allowing for shared repre-
sentations to be established between interacting agents.
At the neural level, this resonance mechanism in
essence ‘mirrors’ one agent to another, allowing the
observer to represent the actions of another using the
same neural system as s/he uses for executing those
actions. In the macaque brain, neurons with mirror
properties have been described in both area F5 of the
premotor cortex and in parietal area PF (Rizzolatti &
Craighero, 2004). These visuomotor neurons discharge
both during the performance of an action, and during
the observation of another individual performing a
similar action (di Pellegrino, Fadiga, Fogassi, Gallese, &
Rizzolatti, 1992; Gallese, Fadiga, Fogassi, & Rizzolatti,
1996). The monkey MNS has been shown to code
motor acts as belonging to an action sequence, predict-
ing the intended goal of a complex action (Fogassi et
al., 2005), to represent actions even when the final part
of the action is unseen (Umilta et al., 2001) or when
hearing sounds associated with particular actions
(Kohler et al., 2002). Reciprocal connections between
area F5 in the premotor cortex and parietal area PF
(Luppino, Murata, Govoni, & Matelli, 1999) thus form
a premotor–parietal MNS critical to action under-
standing and intention attribution in the macaque
brain (Fogassi et al., 2005; Rizzolatti & Craighero, 2004;
Rizzolatti, Fogassi, & Gallese, 2001).
Anatomical and cytoarchitectonic evidence support a
homology between monkey premotor area F5 and pari-
etal area PF with the posterior inferior frontal gyrus
(IFG) and the rostral part of the human inferior parietal
lobule (IPL), respectively (Amunts et al., 1999; Petrides
& Pandya, 1997; Rizzolatti & Matelli, 2003; Tomaiuolo et
al., 1999; von Bonin & Bailey, 1947; von Economo &
Koskinas, 1925). Furthermore, an analogous pattern of
connectivity between premotor areas and inferior pari-
etal lobule also has been demonstrated in humans
(Rushworth, Behrens, & Johansen-Berg, 2006).
While no direct evidence of mirror neurons (at the
single neuron level) has yet been reported in the human
490 Katie Overy & Istvan Molnar-Szakacs
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brain, Fadiga and colleagues (1995) provided the first
demonstration of a neural system for coding the corre-
spondence between observed and executed actions in
humans using single-pulse transcranial magnetic stimu-
lation (TMS). TMS was delivered to the scalp above the
motor cortex while participants were either: (1) observ-
ing an experimenter perform various hand actions in
front of them, or (2) during control conditions including
arm movement observation, object observation, and
dimming detection. Motor evoked potentials (MEPs)
were recorded from extrinsic and intrinsic hand mus-
cles. Results showed that during hand action observa-
tion, but not in the other conditions, there was an
increase in the amplitude of the MEPs in the same hand
muscles that are recruited when the observed action is
actually performed by the observer (Fadiga, Fogassi,
Pavesi, & Rizzolatti, 1995). These results led the
researchers to conclude that in humans there is a sys-
tem matching action observation and execution,
resembling the one described in the monkey.
Subsequent work then confirmed these findings
(Strafella & Paus, 2000) and also showed that modula-
tion of MEPs recorded during hand action observation
closely resembles the time-course of the observed
action (Gangitano, Mottaghy, & Pascual-Leone, 2001).
Functional magnetic resonance imaging (fMRI) was
used to show brain regions involved in action observa-
tion/execution matching by employing an imitation
paradigm. Basing their predictions on neural firing
rates in the monkey (Gallese et al., 1996), Iacoboni and
colleagues (1999) hypothesized that areas of the human
brain that show mirror properties would have a BOLD
signal (blood-oxygen level dependent; indirect measure
of brain activity in fMRI) increase during action obser-
vation that is approximately half that measured during
action execution in the same area. In turn, imitation,
which contains both an observation and execution
component, would lead to a BOLD signal increase
greater than either action observation or execution
alone. This study found two cortical areas that showed
this predicted pattern of activity, the posterior IFG and
the rostral sector of the IPL (Iacoboni et al., 1999).
Taken together, these TMS and fMRI data support the
notion of a MNS in humans localized to premotor and
inferior parietal regions of the brain, coupling action
execution and action observation both in terms of the
muscles involved and the temporal sequence of the
action (for reviews see Iacoboni, 2009; Pineda, 2008;
Rizzolatti & Craighero, 2004;).
Although still in its early stages of study, the MNS
in humans already has been associated with a wide
variety of higher-level functions in addition to action
representation, including imitation and imitation learn-
ing (Buccino et al., 2004; Iacoboni et al., 1999; Koski,
Iacoboni, Dubeau, Woods, & Mazziotta, 2003; Molnar-
Szakacs, Iacoboni, Koski, & Mazziotta, 2005), intention
understanding (Gallese & Goldman, 1998; Iacoboni et
al., 2005), empathy, and theory of mind (Carr, Iacoboni,
Dubeau, Mazziotta, & Lenzi, 2003; Leslie, Johnson-Frey,
& Grafton, 2004; Williams, Whiten, Suddendorf, &
Perrett, 2001), self-recognition (Uddin, Kaplan, Molnar-
Szakacs, Zaidel, & Iacoboni, 2005; Uddin, Molnar-
Szakacs, Zaidel, & Iacoboni, 2006), and the evolution of
language (Arbib, 2005; Rizzolatti & Arbib, 1998).
Furthermore, dysfunction of the MNS has been pro-
posed as a possible cause of autism (Williams et al.,
2001). Notably, all of the proposed and investigated
functions of the human MNS relate to social cognitions,
including social interaction, communication, and
empathy. This is perhaps not surprising, given the theory
that has led to the development of many of these stud-
ies supposes that mirror neurons establish a link
between individuals via a simulation mechanism,
whereby one uses the same neural resources to represent
and understand the actions of others as to perform one’s
own actions (Gallese, 2003a). In other words, the theory
holds that at a basic, unconscious, and automatic level,
understanding the actions, intentions, and emotions of
another person does not require that we explicitly think
about them—our brain has a built-in mechanism for
feeling them as we feel our own intentions, actions, and
emotions. This representational equivalence between
perception and action at the neural level may provide
the basis for shared representations between self and
other, enabling social communication and intersubjec-
tivity (Gallese, 2003b). Such a neural system allows one,
in essence, to experience the mind of the other, making
others “like me” (Meltzoff & Brooks, 2001).
Neuroimaging evidence has provided support for
this theory mostly at the level of action understanding,
but there is growing evidence that emotional empathy
also recruits the human MNS in creating links between
self and other. Evolutionary evidence suggests that
there are at least two main neural systems mediating
empathy; a phylogenetically early emotional contagion
system and a more advanced cognitive perspective-
taking system (de Waal, 2008). The basic emotional
contagion system is thought to support our ability to
empathize emotionally (‘I feel how you feel’) and has
been linked to the human MNS. This perception–
action model posits that perception of emotion activates
the neural mechanisms that are responsible for the gen-
eration of emotions, consistent with the theory of sim-
ulation: the “attempt to replicate, mimic or impersonate
Musical Experience and the Mirror Neuron System 491
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the mental life of the target” (Gallese & Goldman,
1998, p. 497). Automatic activation of this motor rep-
resentation in the observer, and associated autonomic
and somatic responses that stem from the observed
target allow responses to be prepared and executed
(Preston & de Waal, 2002).
Thus, what is exciting about the discovery of mirror
neurons, and a homologous system in the human
brain, is the idea that the brain does not function as an
isolated stimulus-response perception-action machine.
Firstly, the brain’s functioning is intimately connected
with the body, and secondly, the brain has evolved to
interact with and to understand other brains.
Properties of the human MNS thus allow us to consid-
er social communication, and more specifically musi-
cal communication in a new light—less in terms of
pitch/timbre/rhythmic patterns—and more in terms of
action sequencing, goals/intentions, prediction, and
shared representations.
Music, the Human Mirror Neuron System, and
Shared Affective Motion Experience (SAME)
We have proposed that in its ability to integrate and
represent crossmodal information, the human MNS
may provide a domain-general neural mechanism for
processing combinatorial rules common to language,
action, and music, which in turn can communicate
meaning and human affect (Molnar-Szakacs & Overy,
2006). Although it is not yet established which spe-
cific aspects of hierarchical processing of linguistic,
musical, or motor syntax may recruit the human
MNS, the emerging picture from the literature sug-
gests that the MNS may provide a neural substrate for
generating infinite possible combinations of hierar-
chical structures—intentions, goals, kinematics, and
motor acts (Kilner, Friston, & Frith, 2007a)—a com-
putation that may underlie more general cognitive
abilities (Tettamanti & Weniger, 2006). Based on the
integration of results from behavioral studies, neu-
roimaging, and primate physiology, it has been pro-
posed that the encoding of pertinent rules in the
prefrontal cortex may ‘‘guide the flow of activity along
neural pathways that establish the proper mappings
between inputs, internal states, and outputs needed to
perform a given task’’ (Miller & Cohen, 2001, p. 167).
Thus, the essential role of the MNS to both represent-
ing and executing intentions and actions makes it a
critical link in the ‘flow of activity’ from inputs to inter-
nal states and consequent outputs. Due to its function-
al situation at the confluence of sensory information,
top-down cognitive control, affective information,
and motor output, the human MNS seems the ideal
starting point for a model that aims to explain musi-
cal sound—a stimulus that activates all of these neu-
ral systems in concert.
The Shared Affective Motion Experience (SAME)
model suggests that musical sound is perceived not
only in terms of the auditory signal, but also in terms of
the intentional, hierarchically organized sequences of
expressive motor acts behind the signal. Within a neu-
ral network involving the temporal cortex, the fronto-
parietal MNS, and the limbic system, auditory features
of the musical signal are processed primarily in the
superior temporal gyrus and are combined with struc-
tural features of the expressive motion information
within the MNS. The anterior insula forms a neural
conduit between the MNS and the limbic system (Carr
et al., 2003), allowing incoming information to be eval-
uated in relation to the perceiver’s autonomic and emo-
tional state, thus leading to a complex affective or
emotional response to the music (Molnar-Szakacs &
Overy, 2006). The recruitment of these neural systems
in both the agent and the listener allows for a shared
affective motion experience (SAME). Thus, the expres-
sive dynamics of heard sound gestures can be interpreted
in terms of the expressive dynamics of personal vocal
and physical gestures. Below, we discuss this model
further with reference to the role of the anterior insula,
the hierarchical organization of motor behavior, neu-
roimaging evidence, the concept of music as minimized
prediction error, and the implied sense of agency in
music.
The Anterior Insula as a Neural Conduit
A key aspect of the SAME model is the proposed role
of the anterior insula as a neural conduit between the
limbic system and the MNS (Carr et al., 2003).
Functional neuroimaging studies have shown recruit-
ment of the anterior insula when an individual feels
disgusted and when they see someone else expressing
disgust (Wicker et al., 2003). Several studies using pin-
pricks, electrical shock, and thermal stimulation have
examined neural activity associated with experiencing
pain directly and perceiving someone else experienc-
ing pain. All of these studies have identified recruit-
ment of the anterior insula, supporting the notion of
overlapping patterns of activation during perception
and experience of pain, and lending support to the the-
ory of shared representations during perception of
emotional stimuli (Botvinick et al., 2005; Jackson,
Rainville, & Decety, 2006; Lamm, Batson, & Decety,
2007; Morrison, Lloyd, di Pellegrino, & Roberts, 2004;
492 Katie Overy & Istvan Molnar-Szakacs
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Morrison, Peelen, & Downing, 2007; Ochsner et al.,
2008; Singer et al., 2004; Singer et al., 2006). Thus, the
anterior insula may be part of the emotional contagion
system (de Waal, 2008), supporting our ability to
empathize emotionally—to understand human behav-
ior using our own experiences.
Hierarchial Organization
Another key aspect of the model is its emphasis on the
hierarchical organization of motor control. There is
some evidence that the premotor cortex may be the
source of predictive models of upcoming events in
sequential processing, a feature common to language
and music—but also a more general principle that
underlies hierarchical processes of cognitive control
and action selection associated with the frontal lobes
(Molnar-Szakacs et al., 2005; Zatorre, 2005). In this
hierarchy, actions are subordinate to the rules that
govern them. Based on a series of repetition suppres-
sion experiments, Grafton and Hamilton (2007) pro-
posed a motor hierarchy consisting of three principal
levels: (1) outcome, (2) goal-object and (3) kinemat-
ics. This was then further developed by Kilner and
colleagues (2007a, 2007b) to a four level hierarchy,
including, from the highest to the lowest level of com-
plexity: (1) The intention level that defines the long-
term goal of an action; (2) The goal level that
describes short-term goals that are necessary to
achieve the long-term intention; (3) The kinematic
level that describes the shape of the hand and the
movement of the arm in space and time; (4) The mus-
cle level that describes the pattern of muscle activity
required to execute the action. Only having access to a
visual representation of the kinematic level, an observ-
er must thus be able to infer the intention behind the
observed movement at either the goal level or the
intention level (Kilner et al., 2007a, 2007b) . They sug-
gest that this problem is solved by the MNS using pre-
dictive coding on the basis of a statistical approach
known as empirical Bayesian inference. This means
that the most likely cause of an observed movement
can be inferred by minimizing the prediction error at all
cortical levels that are engaged during movement
observation (Kilner et al., 2007b).
According to Kilner and colleagues (2007a):
For the MNS this means that anatomically the areas
engaged by movement observation are arranged hierar-
chically and the anatomical connections between these
areas are reciprocal. In terms of functional anatomy it
means that the prediction error encoding higher-level
attributes will be expressed as evoked responses in
higher cortical levels of the MNS. For action observa-
tion the essence of this approach is that, given a prior
expectation about the goal of the person we are observ-
ing, we can predict their motor commands. Given their
motor commands we can predict the kinematics on the
basis of our own action system. The comparison of this
predicted kinematics with the observed kinematics
generates a prediction error. This prediction error is
used to update our representation of the person’s
motor commands. Similarly, the inferred goals are
updated by minimizing the prediction error between
the predicted and inferred motor commands. By min-
imizing the prediction error at all the levels of the
MNS, the most likely cause of the action will be
inferred at all levels (intention, goal, motor and kine-
matic). (pp. 161-162) 
According to the SAME model of affective musical
experience, we predict that depending on a listener’s
level and kind of music training, they are able to
extract information at different levels of the motor
hierarchy: (1) the intention level, (2) the goal level, (3)
the kinematic level, and even 4) the muscle level. For
example, at one extreme, a professional musician lis-
tening to music which they know how to perform
(e.g., a saxophonist listening to a saxophone piece they
know well) is able to access precise information at all
levels of the hierarchy, from imagined emotional
intentions to specific finger movements and
embouchure. At the other extreme, a musical novice
listening to unfamilar music from an unknown sound
source (e.g., someone who has no knowledge of the
existence of saxophones) is not able to access precise
information at any level, but may feel the beat, sub-
vocalize, and interpret emotional intention accordingly
(e.g., fast, loud, and high in pitch might be considered
emotionally charged). Thus, the resonance or simula-
tion mechanism implemented by the human MNS
matching perceived and executed actions allows a lis-
tener to reconstruct various elements of a piece of
music in their own mind (bringing together auditory,
motion, and emotion information), and the richness
of that reconstruction depends on the individual’s
musical experience.
Neuroimaging Evidence for SAME
Neuroimaging support for the SAME model of musical
experience can be found in a range of studies of musi-
cal processing, including evidence suggesting that the
neural basis of music listening involves the outlined
fronto-parietal network (Haslinger et al., 2005), the
Musical Experience and the Mirror Neuron System 493
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anterior insula (Koelsch, Fritz, Muller, & Friederici,
2006) and the limbic system (Blood & Zatorre, 2001;
Blood, Zatorre, Bermudez, & Evans, 1999), and that this
neural network demonstrates experience-dependent
plasticity and activity. In an elegant fMRI experiment,
Lahav and colleagues (2007) trained nonmusicians to
play a simple piano melody by ear and found that
when participants simply listened to the melody with-
out performing any movements, regions consistent
with the fronto-parietal MNS were activated.
Presentation of the notes of the melody in a different
order activated the network to a much lesser degree,
whereas listening to equally familiar but motorically
unknown music did not activate this network. These
findings complement previous work in the area sug-
gesting that expert musicians activate the appropriate
motor network when listening to piano music, while
nonmusicians activate it to a much lesser extent
(Bangert & Altenmüller, 2003; Bangert et al., 2006;
Haslinger et al., 2005), but also highlights the tremen-
dous plasticity within this system during imitative
learning (Lahav et al., 2007). We can predict that non-
musicians will activate the MNS during music listening
when mapping the stimulus onto basic, nonexpert
musical behaviors that they are able to perform such as
singing, clapping and tapping. Indeed, Koelsch and col-
leagues (2006) have shown that listening to pleasant
music activates premotor representations for vocal
sound production. However, the study by Lahav and
colleagues (2007) indicates that acquiring new actions
associated with sounds via imitative learning can
quickly generate a functional neural link between the
sound of those actions and the corresponding motor
representations—opening the door to sound and
music-based training and therapies.
Synchronization and ‘Minimized Prediction Error’
The role of synchronization is also clearly important in
shared musical experience. It has been proposed that
the evolutionary origins and motivation for the capac-
ity to entrain to an isochronous pulse lies in the possi-
bilities of group synchronization, signal amplification
and a resulting reproductive advantage (Merker et al.,
2009). The ability of humans to synchronize with a
steady pulse has been demonstrated extensively under a
variety of complex conditions (e.g., Large et al., 2002;
Repp, 2005), with motor regions of the brain strongly
implicated in the detection of pulse and metre (e.g.,
Grahn & Brett, 2007; Phillips-Silver & Trainor, 2007;
Chen et al., 2008), and the concept of ‘prediction’
emerging as a key mechanism, from neural oscillation
and dynamic attending theories (see Large, 2008, for a
review) to neural predictive coding theories (see
Bengtsson et al., 2009; Vuust, Østergaard, Pallesen,
Bailey, & Roepstorff, 2009). Considering these ideas
and research findings within the framework of SAME,
we propose that a central feature of music’s potential to
create shared, affective experiences and subsequent
prosocial behavior, above even the potential of speech,
may be its capacity for minimized prediction error. At a
basic level, this is evident in the simple pulse that
underlies most musical behaviors, which is highly pre-
dictable and allows for spontaneous, enjoyable syn-
chronization (e.g., group clapping, dancing). At a higher
level, it is evident in our strong emotional responses to,
and preferences for, extremely familiar music (e.g.,
Peretz et al., 1998), a phenomenon that seems to
appear in early childhood and continue throughout
adulthood. It might appear that this proposal contra-
dicts the classic theory of musical expectancy, which
suggests that emotional responses occur to unexpected
features in music (Juslin, 2001; Steinbeis, Koelsch, &
Sloboda, 2006; Meyer, 1956). Rather, we suggest that
the capacity for music to create such a strong environ-
ment for minimized prediction error (and resultant
affect) provides the very basis for a strong emotional
response to an unpredicted event. While familiar, pre-
dictable music can be enjoyed to its fullest, the viola-
tion of expectancies can be more emotionally
dramatic, as evidenced, for example, in the Romantic
era of classical music, when composers and performers
generally aimed to expand musical norms and bound-
aries and be as individually expressive as possible. The
SAME model thus describes affective musical experi-
ence at what has been called the ‘emotional contagion’
level of emotional response, rather than, for example,
‘musical expectancy’ or ‘episodic memory’ responses
(Juslin & Västfjäll, 2008), and we propose that this
level may be the most effective for use in special edu-
cation and therapeutic work.
Sense of Agency
A final, key aspect of the SAME model is the idea that
music can convey a sense of agency—a sense of the
presence of another person, their actions and their
affective state. This in fact may be at the core of musi-
cal experience—not the nature of the acoustic signal
per se, or the ability to perform complex motor skills,
but the sense of human interaction. Some recent behav-
ioural work supports this idea, for example, it has been
shown that adults tend to synchronize more accurately
with a human partner than with a recording (Himberg,
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2006), while young children are more accurate when
tapping along with a human partner than with a drum-
ming machine, or a drum sound coming from a speak-
er (Kirschner & Tomasello, 2009a). Further indication
of the social nature of musical experience comes from
evidence that four-year-old children who have recently
shared a musical experience (versus a story-telling
experience) show more cooperative, helpful and empa-
thetic behavior (Kirschner & Tomasello, 2009b).
Similarly, it has been demonstrated that adults are sig-
nificantly more cooperative in group economic exercises
(to the advantage of the group), when they previously
have been engaged in synchronized singing and/or mov-
ing activities, as compared to unsynchronized singing
and/or moving activities (Wiltermuth & Heath, 2009).
The fact that shared music-making has the power to
engage neural systems supporting such strong social
drives and shared, affective processes, has tremendous
implications for musical communication in therapy
and education.
SAME, Special Education and Therapy: 
Examples from Dyslexia, Aphasia and Autism
The conception of musical experience as Shared
Affective Motion Experience presents an interesting
and useful way in which to consider the potential role
of music in therapeutic and educational work.
Essentially, the model suggests that when we hear
music, we hear the presence (or agency) of another per-
son, whose actions we can interpret, imitate, and pre-
dict. We may hear a representation of their emotional
state (loud/quiet, high/low, tense/relaxed), physical
state (slow/fast, moving/still), technical expertise
(basic, skilled, virtuosic), social status (leader, follower,
sharer) and importantly, intentions (greeting, support-
ing, attacking). We can share a narrative of call and
response, synchronization, prediction, interruption,
and imitation. We can use this musical, social, playful,
and imitative environment to learn to take turns, learn
to listen, learn to lead, learn to count, learn songs in a
new language, or simply learn to be together in a group.
We can even simply listen to music and understand that
this creates the feeling of being socially interactive.
When group music-making reaches a certain level of
cooperation and coordination, the sense of shared pur-
pose and togetherness can be extraordinarily powerful
and even threatening (consider war songs or football
fans). Whether making entirely different musical con-
tributions to weave a musical texture, or all producing
exactly the same sounds, the whole is much greater
than the individual parts, from a choir to a drum circle
to the stadium bleachers. The emerging sound is a
group sound, almost “larger than life,” created by a
sense of shared purpose. The intentional gestures and
actions are simply a means to an end: coordinated
activity and the affective experience that results from the
sound. The experience of being synchronized together
in time, and yet with a musical, human flexibility and
variety creates a powerful sense of togetherness, and
demonstrates to listeners the cooperation and strength
of a social group. It thus seems likely that imitation,
synchronization, and affective, shared experience are
key elements of musical behavior, which may be crucial
or at least important in music education and music
therapy. In order to discuss these ideas in context, the
work of two previous, small-scale studies of the role of
music in the support of language skills are presented as
examples.
Rhythm-Based Language Support Activities 
for Children with Dyslexia
The first example involved working in the classroom
with nine dyslexic boys aged 7-11 for a period of 15
weeks, with the aim of improving phonological and
literacy skills. Since dyslexic children are known to
have various perceptual and cognitive timing deficits
(e.g., with rapid auditory temporal processing, rapid
naming, rhythm copying; Tallal, Miller, & Fitch, 1993;
Wolff, 2002) as well as difficulties with phonological
processing (e.g., Bradley & Bryant, 1983), it was
hypothesized that focusing on musical timing skills in
a multisensory, musical activity program would have a
positive effect on their language skills (Overy, 2000). A
series of rhythm-based classroom musical activities
were designed specifically for dyslexic children (see
Overy, 2008), aimed at improving their rhythm skills,
rapid temporal processing skills, and phonological
skills. Compared to a control period of 15 weeks in
which the children were simply visited in the class-
room for individual reading sessions, the music les-
sons were found to be specifically effective in
improving phonological skills and spelling skills, lead-
ing to a model of the potential role of temporal pro-
cessing skills in the transfer from musical experience
to language skills (Overy, 2003), supported and
refined in further work (e.g., Tallal & Gaab, 2006).
However, when considered in light of the SAME
model, the nature of musical activities could be inter-
preted differently. For example, the activities were not
simply listening activities and they were not conducted
individually: they were based on group synchroniza-
tion of rhythmic actions in a circle, various imitation
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games, and playful, enjoyable, shared experience of the
musical activity. Children were invited to copy
rhythms, to play rhythms all together at the same
time, to listen to each other’s rhythms, to imagine
rhythms, to perform actions to rhythms, and to create
group performances. It seems possible that these ele-
ments of the intervention were as important and
effective as the specific rhythmic content.
The Use of Melodic Intonation Therapy (MIT) 
in Aphasia
It has been documented that aphasic patients some-
times can sing more fluently than they can speak
(Gerstman, 1964; Geschwind, 1971), leading to the
development of a speech therapy method based upon
singing: Melodic Intonation Therapy (MIT; Albert,
Sparks, & Helm, 1973). MIT employs a highly struc-
tured, repetitive technique in which short, high proba-
bility phrases are initially sung and tapped out
syllabically by the therapist and patient together, and
finally spoken by the patient alone. The effectiveness of
MIT was demonstrated in a few early studies (e.g.,
Sparks, Helm, & Albert, 1974), and has been formally
recognized by an Assessment Subcommittee of the
American Academy of Neurology (1994). However, the
method has not become widely used and the neural
basis of its effectiveness has remained unclear (e.g.
Belin et al., 1996). In this pilot study, MIT was con-
ducted for eight weeks with a severely nonfluent apha-
sia patient and fMRI data were acquired pre, mid and
post-therapy. Results showed improved speech output
accompanied by functional differences in the neural
basis of both speech and singing, including a general
shift towards the right hemisphere—a pattern also
shown in subsequent aphasic patients (Overy, Norton,
Ozdemir, Helm-Estabrooks, & Schlaug, 2004; Overy,
Norton, Ozdemir, Helm-Estabrooks, & Schlaug, 2005;
Schlaug, Marchina, & Norton, 2008). This suggests that
singing and rhythmic syllabic tapping were effective at
supporting language skills, much like the previous
study with dyslexic children. When considered in the
light of the SAME model though, it is notable that the
method is also highly imitative, synchronized, and an
intensely shared experience. The technique uses short,
high frequency phrases that initially are sung to the
patient, then sung with the patient, and then imitated
by the patient—all accompanied by synchronized tap-
ping with physical hand contact and face-to-face eye
contact. Once again, it seems possible that the imitative,
synchronized, and shared elements of this music inter-
vention method may be central to its effectiveness.
This idea is complemented by recent research by
Racette and colleagues (2006), in which no evidence of
preserved singing abilities in aphasic patients was
identified until a paradigm was used which involved
singing in synchrony (‘in chorus’) with another
voice—singing alone was not effective (Racette, Bard,
& Peretz, 2006).
Since numerous other larger-scale studies have
investigated the potential for music training to support
language skills, with varying degrees of effectiveness
(e.g., Chan, Ho, & Cheung, 1998; Douglas & Willatts,
1994; Purnell-Webb & Speelman, 2008; Schon et al.,
2008; Wong, Skoe, Russo, Dees, & Kraus, 2007), it
would be interesting for future work to examine the
similarities and differences between these musical
interventions or training in detail, paying attention to
elements such as rhythmic work, imitation, shared
experience, and synchronization, to develop even more
effective, evidence-based approaches.
Implications for Therapy in Autism
A developmental disorder that has had a long associa-
tion with music, both anecdotal and scientific, is
autism. Autism is a neurodevelopmental disorder that
affects socialization and communication and causes
repetitive and stereotyped behavior (Lord et al.,
2000). A range of studies have shown severe impair-
ments in socio-emotional functioning in autism,
including difficulties in recognizing emotional expres-
sions on faces (Bormann-Kischkel, Vilsmeier, & Baude,
1995; Hobson, 1986a, 1986b; Macdonald et al., 1989;
Ozonoff, Pennington, & Rogers, 1990). These impair-
ments in socio-emotional communication often lead to
both physical and emotional isolation from peers, fam-
ily, and community (Bauminger & Kasari, 2000). Given
the presence of deficits in social behavior and com-
munication in ASD, improvement of social function-
ing is of paramount importance. Music appears to
have special significance to many children with
autism, and has proven an effective method to estab-
lish an alternative means of social interaction and
creative development. Clinical reports have shown
that music created spontaneously and creatively
through structured and flexible improvisation
attracts attention and provokes engagement in chil-
dren with ASD and promotes the development of
reciprocal, interactive social communication, and
play. Such an approach, based on the work of
Vygotsky, emphasizes the co-construction of knowledge
through joint action and discourse, mediated through
the use of cultural tools and artifacts (Vygotsky, 1978).
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This view emphasizes the mediating role of cultural
tools such as language, and in this case musical instru-
ments and music itself in enabling children’s learning
and development.
In his groundbreaking paper, Leo Kanner (1943) pre-
sented eleven case studies of children with autism in
which he repeatedly mentioned musical abilities and
musical interest in six of the children (Kanner, 1943).
Since then, researchers have systematically studied the
musical processing abilities of individuals with autism,
and have shown that while language abilities may be
deficient, individuals with ASD process music in simi-
lar ways to typically developed individuals. Moreover,
individuals with ASD appear to show a spontaneous
preference for musical over verbal stimuli (Blackstock,
1978), and it has been reported that approximately 40%
of this population express a special interest in music
(Heaton, 2003). These reports of autistic children’s
prevalent interest in music suggests that musical appre-
ciation is unimpaired in the ASD population, and may
even represent a particular strength (Kanner, 1943;
Rimland & Hill, 1984). Applebaum and colleagues
compared three musically naïve autistic children and
three typically developing musically experienced chil-
dren on their ability to sing back musical stimuli. They
found that children with autism performed as well or
better than their more intelligent and musically experi-
enced controls (Applebaum, Egel, Koegel, & Imhoff,
1979). Furthermore, a number of studies have indicated
that individuals with ASD show superior pitch abilities,
for example Heaton and colleagues (1998) found that
children with ASD performed better than control chil-
dren on a pitch memory task, while performing equally
well on a speech sound memory task. In fact, children
with autism remembered more tone/picture pairs one
week after initial exposure than controls did after 2.5
minutes (Heaton, Hermelin, & Pring, 1998)! More
recently, Heaton found that children with high-func-
tioning autism showed enhanced pitch memory and
labeling (Heaton, 2003). In studies of pitch discrimina-
tion, individuals with high-functioning autism were
superior to the comparison group, showing enhanced
perception of local pitches (Mottron, Peretz, & Menard,
2000) and exhibiting an increased sensitivity to pitch
on both discrimination and categorization tasks
(Bonnel et al., 2003). Gomot and colleagues have
assessed the neural correlates of altered pitch percep-
tion in children with autism using the mismatch nega-
tivity (MMN). They reported shorter MMN latency but
longer duration in children with versus without autism,
showing a neural correlate of this special musical ability
(Gomot, Giard, Adrien, Barthelemy, & Bruneau, 2002).
The fact that individuals with ASD show such abilities
in the domain of music suggests that communicative
and affective qualities of music might also be appreci-
ated and understood by this population. Such under-
standing is in marked contrast with the general
difficulties in emotional communication and interpre-
tation experienced by individuals with ASD in social
communication (Kasari, Sigman, Mundy, & Yirmiya,
1990; Langdell, 1978).
To understand the meaning of a conversation, chil-
dren automatically do what adults do—besides pro-
cessing the meaning of words, they unconsciously
“read” the expression on a person’s face and listen to
their tone of voice, then integrate that information
with the context at hand to discern meaning, be it
humor, anger, irony, or straightforwardness.
Individuals with autism typically don’t do this. They
often miss the subtle meanings conveyed by a per-
son’s face and tone of voice, and thus have trouble
determining the communicative intent of others.
Neuroimaging studies have supported this, showing
that individuals with ASD show reduced activity in the
regions of the brain that respond to such cues.
Research using fMRI has found various differences in
individuals with ASD compared with typically devel-
oping controls, such as decreased activation of the
amygdala and increased activation of temporal brain
regions (Baron-Cohen et al., 1999; Critchley et al.,
2000). More recent neuroimaging findings show that
children with autism have virtually no activity within
the MNS, clearly linking their social isolation to a neu-
ral system important for understanding the intentions,
actions, and emotions of others (Dapretto et al., 2006).
In a task of imitating emotional facial expressions, typ-
ically developing children activated a neural network
similar to adults, including motor and premotor mir-
ror regions, striate and extra-striate cortices, the insula,
and amygdala. Unlike typically developing children
however, the ASD group showed no activity in the mir-
ror area of the premotor cortex and significantly
reduced activations in the insular and amygdala
regions as well. These data speak to the difficulty that
individuals with ASD have in understanding the emo-
tional states of others on a behavioral level and provide
a link to a dysfunction of the neural network involving
the human MNS and the limbic system that may con-
tribute to these symptoms.
It might appear puzzling that children with ASD
appear to have deficits in the functioning of their MNS,
yet are able to experience the affective qualities of
music. The very neural system that we are proposing as
playing a central role in music perception appears to be
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malfunctioning in children with ASD, so how is music
able to affect these children? It is known that children
with ASD are particularly drawn to abstract patterns,
and the repetitive, predictable nature of musical sounds
may fulfill such a role. It is also possible that through
experience and familiarity with these patterns, or
indeed through musical imitation and synchronization
activities, the MNS may become sufficiently engaged
for children with ASD to move from the appreciation of
musical sound patterns to the appreciation of the agent
making them; an agent who appears to behave in pre-
dictable, familiar ways that are comforting and com-
panionable, rather than confusing.
Another related piece of the puzzle may be found in
the two parallel auditory pathways that ascend through
the brainstem to the cerebral cortices, known as the
classical and the nonclassical ascending auditory path-
ways. While the neurons of the classical ascending audi-
tory pathways respond distinctly to sound stimuli and
are sharply tuned to the frequency of sounds, neurons
in the nonclassical pathways are somewhat less sharply
tuned (Aitkin, 1986; Aitkin, Tran, & Syka, 1994; Syka,
Popelar, Kvasnak, & Astl, 2000) and their response to
sound can be modulated by stimulation of the
somatosensory system. This nonclassical pathway
projects to secondary and association cortices and to
regions of the brain that are not reached directly by
the classical auditory pathways, such as structures of
the limbic system, providing a subcortical route to the
basolateral amygdala nuclei (LeDoux, 1992). This path-
way also appears to be most important for hearing in
childhood and less so after the age of twenty (Møller &
Rollins, 2002). Thus, in addition to the cortical route—
linking music processing to the limbic system through the
human MNS—there is an alternate secondary route
that brings sound to the limbic system through subcor-
tical pathways. In fact, recent neuroimaging work inves-
tigating the neural underpinnings of the rewards of
music listening has found that listening to music
strongly modulates activity in a network of mesolimbic
structures involved in reward processing, including the
nucleus accumbens and the ventral tegmental area, as
well as the hypothalamus and insula, which are thought
to be involved in regulating autonomic and physiologi-
cal responses to rewarding and emotional stimuli
(Menon & Levitin, 2005). Indeed, MNS deficits in
autism were demonstrated for recognition of emotion
from faces, also impaired at the behavioral level, but the
neural signatures of music listening in autism remain
to be studied. At least at a behavioral level, evidence
seems to indicate that autistic children can appreci-
ate affective qualities of music. Indeed, Heaton and
colleagues demonstrated that while children with ASD
typically show impairments in processing affective
information within social and interpersonal domains,
they did not differ from typically developing controls in
their ability to perceive affect in musical excerpts
(Heaton, Hermelin, & Pring, 1999). In a recent follow-
up study, it was shown that active music listening is
characteristic of children with autism, and that this lis-
tening results in the acquisition of culturally embedded
knowledge about musical meaning. Furthermore, the
findings suggest that emotion-processing deficits in the
social domain do not generalize to music, and that
understanding of affect in music is not only preserved,
but is closely related to the level of language develop-
ment, rather than diagnosis (Heaton, Hudry, Ludlow, &
Hill, 2008).
Decades of music therapy research have indicated
that autistic children respond well to music therapy
(Alvin, 1975; Edgerton, 1994), since music appears to
facilitate and support their desire to communicate
(Thaut, 1984). Trevarthen (2000) has recommended
the use of music therapy with autistic children to help
them develop timing and motor skills, which he sug-
gests may be important in the expression of emotional
communication. Brownell (2002) has also found that
the use of musically adapted storytelling is an effective
and viable treatment option for modifying target
behaviors of children with autism. A recent meta-
analysis comparing music to no-music conditions in
the treatment of children and adolescents with autism,
found an overall effect size of d = 0.77, indicating a sig-
nificant benefit of music intervention, including:
increased appropriate social behaviors and decreased
inappropriate, stereotypical, and self-stimulatory
behaviors; increased verbalizations, gestures, and com-
prehension; and communicative acts and engagement
with others, among other positive effects (Whipple,
2004). Several reviews of the literature have since
reported consistent and significant improvements in
communicative behavior and emotional responsiveness
by means of music interventions (Kaplan & Steele,
2005; Whipple, 2004; Wigram & Gold, 2006). Thus, as
the above evidence illustrates, children with ASD may
benefit in particular from shared musical experience,
since it offers opportunities for supporting the areas of
social engagement and nonverbal communication in
which they have some of their most profound difficul-
ties (Wigram & Gold, 2006). We thus suggest that,
whether the MNS is fully functioning or not in an indi-
vidual with a disability, it can be stimulated via music
to improve other skills involving the MNS, such as lan-
guage skills and social skills.
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Conclusion and Hypotheses
Within the framework of the SAME model, we have pro-
posed that, regardless of specific style or function, music
can provide an auditory representation of the presence of
another person or social group, including both immedi-
ate and abstracted information about their physical and
emotional state. In the case of pure music listening, the
implication of the SAME model is that music provides
not just a pleasant auditory signal, but a strong sense of
an agent or agents—one is not alone when one listens to
music. In the case of group musical performance, from a
dyad to an orchestra, the SAME model suggests the
potential for synchronized, affective experience and
communication, with the flexibility for individual
expression and variability. We propose that it is this abil-
ity of music to communicate social and affective infor-
mation and to create the feeling of ‘being together’ that
makes it so appealing to humans across all ages and cul-
tures. We hypothesize that imitation, synchronization,
and shared experience are all powerful components of
successful therapeutic and educational music interven-
tion activities. This hypothesis can be tested by compar-
ing a variety of different approaches to music-making,
such as listening versus playing, individual learning ver-
sus group learning, imitative versus rule-based learning,
ingroup versus outgroup musical learning, and so forth.
We predict that the most naïve, ‘naturally occurring’
forms of music making, which have evolved as humans
have evolved (e.g., learning a song in a group via imita-
tion) will be the most universally effective, since they are
naturally engaging and lead to prosocial behaviors.
Those musical behaviors that have evolved as cultural
artifacts (e.g., learning to play violin from notation) will
have more limited (but perhaps highly specific) effects,
with less generalized educational and therapeutic value.
Finally, we suggest that we begin to conceive of music not
only as “humanly organized sound” and “soundly organ-
ized humanity” (Blacking, 1974), but also as shared affec-
tive motion experience, minimized prediction error, and as
an extraordinary case of being together in time.
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